To overcome unavoidable reactive oxygen species formation, nature has developed diverse defense mechanisms which mostly involve transition metal ions. Among the reactive oxygen species, hydrogen peroxide is scavenged by catalase and peroxidase. While peroxidase results in the oxidized product during the reaction, catalase specifically disproportionates hydrogen peroxide into water and oxygen molecules (2H2O2 → 2H2O + O2). Although the majority of catalases harbor the heme group, 1 some microorganisms contain manganese catalase utilizing a dinuclear Mn center in the active site. 2 Because study of Mn catalase reaction mechanism could provide valuable scientific backgrounds for cancer therapy 3, 4, 5 and Mn-utilized green chemistry, 6 ,7 a plethora of Mn complexes have been synthesized and studied with a relevance to Mn catalase. 8, 9 We have recently reported synthesis of the dichloride-bridged [TPA2Mn2(µ-Cl)2] 2+ dimanganese complex (complex I), which mimics the chloride-inhibited Mn catalase core. 10 The complex I showed catalytic activity of hydrogen peroxide disproportionation, reminiscent of the reactivation of chloride-inhibited Mn catalase. 11 After termination of H2O2 disproportionation catalysis of the complex I in MeCN, the transparent rhombic crystalline products were isolated from the solution in few days. Here we report X-ray crystallographic structure, stereoisomerism, and catalytic activity of [TPA2Mn](ClO4)2 (complex II).
Complex II was first reported by Gultneh, et al. and synthesized from the reaction between TPA and Mn(ClO4)2 in a high yield. 12 But we have isolated complex II from the complex I after disproportionation of excess H2O2. 13 The isolation of complex II provides the information about the catalytic fate of complex I, which should involve disintegration of the dinuclear core. The complex I is transformed to the unidentified active species in the presence of H2O2 and slowly the Mn(II) ion is leaching out, probably as an aqua species, during the catalysis. The free TPA ligand is then utilized by other mononuclear Mn·TPA species to form final product of complex II in almost quantitative yield. The original X-ray crystallographic structure of the [TPA2Mn](ClO4)2 complex (II) has been reported with monoclinic crystal system and determined as a P 21/n space group. 12 The crystal of complex II we have collected X-ray data showed different cell parameters (Table 1) , and it was determined as a hexagonal crystal system with P 3121 space group. 14 When the solid structure of II was scrutinized to understand the reason of different crystal system formation by the same complex, the bond distances and angles were not so different from the reported values with large variations in the Mn-N distances (Figure 1 ). The average Mn-Npyridyl and Mn-Namine distances of monoclinic crystal were 2.500 and 2.468 Å, respectively. The corresponding distances of hexagonal crystal were 2.48(5) and 2.446(3) Å, respectively. But when we aligned both structure side by side, immediately we were able to see the stereoisomerism between two structures (Figure 2 ). The pyridyl groups are tilted against Namine-Mn-Namine axis of the complex and the helicity of the TPA pyridyl groups can be determined as ∆ or Λ. The absolute configuration of complex II, isolated from the catalytic solution, was assigned as a ∆∆ stereoisomer while the same complex in monoclinic crystal The left structure reported in this work was assigned as ∆∆ stereoisomer and the right one generated from the deposited structure was assigned as ∆Λ stereoisomer. . The catalytic activity of the complexes was measured under the experimental conditions described previously. 10 system was identified as a ∆Λ stereoisomer. The chiral space group of P3121 excluded the possibility of racemic mixture. Even though the ∆∆ stereoisomer of complex II could be refined as its enantiomer, the absolute configuration parameter of Flack x was 0.00 (3) . It is interesting the TPA ligand, even it is symmetrical, can form stereoisomers due to the puckering of the metal-containing pentagons. 15 Presently, we are not sure how the different stereoisomer of the [TPA 2 Mn](ClO 4 ) 2 complex was crystallized from the catalysis solution. Besides, the solution of complex II didn't show any chiral properties.
Finally, we have checked the H2O2 disproportionation activity of complex II to make sure the [TPA2Mn](ClO4)2 complex (II) is the catalytical end-complex. As shown in Figure 3 , the complex II didn't show significant H 2 O 2 disproportionation activity when it is compared to the complex I. In summary, we have reported the structure of a new ∆∆ stereoisomer of the [TPA2Mn] (ClO4)2 complex, as well as its H2O2 disproportionation property.
